Coronary artery fistulas represent abnormal communications between a coronary artery and a major vessel like venae cavae, pulmonary arteries or veins, the coronary sinus, or a cardiac chamber. The latter is called coronary cameral fistula is a rare condition and is most of the times congenital but can be also post traumatic or post surgical, especially after cardiovascular interventional procedures. Most patients are asymptomatic and coronarycameral fistulae are discovered incidentally during angiographic evaluation for coronary vascular disorders, while other patients have a clinical presentation ranging from angina pectoris to heart failure. In this article, we report a rare case of an aneurysmal right coronary cameral fistula draining into the left ventricle. Echocardiography usually represents the first diagnostic imaging approach, but often due to a poor acoustic window may not show the entire course of the fistula which is crucial for the final diagnosis. ECG-gated cardiovascular CT may play an important role in the evaluation of the origin, course, termination and morphology of the fistula, its relation to the adjacent anatomical structures as well as the morphology and contractility of the heart. Cardiac MRI instead plays an additional crucial role regarding not only the above mentioned factors but also in estimating the blood flow within the fistula, providing more detailed information about the cardiac function but also about myocardial wall viability.
Imaging findings A transthoracic echocardiogram with color Doppler interrogation revealed a large pulsatile vascular structure originating from the right coronary cusp (RCC), probably corresponding to the right coronary artery (RCA), with a tortuous course first along the right and consecutively the left atrio-ventricular groove, possibly terminating into the left ventricle (LV). Pulse wave-Doppler with sample volume at the entry site of coronary fistula in right coronary sinus, recorded a predominantly diastolic flow. The vascular structure was further evaluated by transesophageal echocardiogram that also verified the origin of the vascular structure from the right coronary sinus, its tortuous course and registered a draining diastolic jet into the left ventricle at the base of posterior wall with concomitant aortic valve regurgitation (Fig.1) .
In order to further identify the vascular structure and to delineate its origin, course and draining site, as well as its relation with the coronary arteries further imaging investigation was followed first with cardiac computed tomography (Cardiac CT) and then with cardiac MRI (CMR).
An ECG-gated 64-MDCT (LightSpeed VCT 64-slice CT scanner, GE Healthcare, USA) scan was performed to better define the coronary anatomy. Scout view showed an obliterated right cardiophrenic angle of a slightly increased radiopacity comparing to the normal pericardial fat pad (Fig.2) .
Nonionic contrast material iopromide (Ultravist® 370, Bayer HealthCare Pharmaceuticals, 80mL at 4.5 mL/s) was injected with bolus tracking over the ascending aorta. Retrospective ECG gated curved multiplanar reconstruction (MPR) and maximum intensity projection (MIP) images revealed a giant RCA aneurysm with a maximum diameter of 5.6cm originating from the right coronary sinus. Homogeneous contrast enhancement was detected along the course of the fistula as well as partially calcified atherosclerotic lesions of its aneurysmal wall ( Fig.3A and B) . After a serpiginous course first at the level of the right and then the left posterior atrioventricular groove the dilated RCA appeared to drain at the level of the left ventricle base, corresponding to an aneurysmal coronary-cameral fistula (CCF) (Fig.3 C) . MIP images revealed thin collateral branches originating from the fistula draining the neighboring part of the epicardium of the right and left ventricle and the interventricular septum (Fig.3  D) .
Volume rendering technique images (VRT) offered a three-dimensional overview of the origin, dimensions, course and termination of the CCF and its anatomic relation with the remaining epicardial vessels, the large vascular structures of the mediastinum and the cardiac chambers (Fig.4 A,B ,C,D and Fig.5 A) .
The left coronary artery (LCA) and its branches, including the posterior descending artery, were normal in origin, course, and caliber.
In order to have a more dynamic evaluation of the CCF, the patient also underwent ECG gated CMR imaging was performed in end-expiratory breath-hold period using a 1.5 T system (Signa CV/i, GE Medical Systems, Milwaukee, Wisconsin, USA) in line with recommendations of the Society of CMR (SCMR) and the European Society of Cardiology (ESC) CMR Working Group[1].
The imaging protocol included double inversion recovery (IR) black blood sequence in axial plane (Fig. 5B ) and balanced-steady state free precession cine sequences (b-SSFP) in two, three and four-chamber view as well as in short-axis view (Fig.6) . Subsequently, i.v administration of gadolinium (Gadovist® 0.1mmol/kg, Bayer) enhanced T1-weighted inversion recovery gradient echo (IR-GRE) sequences were acquired for first pass perfusion. Data acquisition for late gadolinium enhancement (LGE) started after 10 min in standardized apical, mid-cavity and basal short axis levels covering all AHA 17-segment model [2] . Inversion time (TI) was adapted to nullify the signal of myocardium (Fig.7) . Cardiac volumes and left ventricle ejection fraction (LVEF) were calculated using the Signa® CV/i ™ analysis software package (Signa® CV/i ™; General Electric Medical Systems, USA).
All CMR sequences confirmed the presence of a giant aneurysmal coronary-cameral fistula originating from the right coronary sinus coursing along the posterior atrioventricular groove and finally draining into the base of the left ventricle ( Fig.4 and 5) . Cine cardiac imaging through b-SSFP sequences, especially in 4-chamber view revealed blood flow with turbulent flow areas throughout the fistula but most important its draining jet into LV, verifying the findings of the transesophageal echocardiogram ( Fig. 6 A and B) . Unfortunately, flow assessment of the fistula with phasecontrast velocity mapping was not diagnostic due to respiratory motion artifacts.
Right ventricular dimensions and function as well as thickness of right and left ventricular walls were within normality while mild dilatation of the LV and slightly compromised LV contractility with ejection fraction around 50% was registered. No perfusion defect was identified during first pass perfusion sequence and LGE sequences did not show any evidence of prior myocardial infarction or myocardial fibrosis of the LV wall (Fig. 7) .
Management plan
A selective coronary angiogram also confirmed the above findings of a giant aneurysm of the right coronary artery with a tortuous course, draining into the left ventricle (Fig. 8) . The patient subsequently underwent surgery for closure of the fistula. The great saphenous vein graft was then anastomosed from the aortic root to the posterior descending artery and the acute marginal branch of the RCA. Right coronary artery giant aneurysm was excised and a 2.0 cm Dacron patch was used to close the orifice of RCA. The patient made a full recovery.
Etiology and Demographics
Coronary artery anomalies include pathology of origination and course, anomalous collateral vessels as well as anomalies of coronary termination [3] . Coronary artery fistulae (CAF) are considered a rare major anomaly and represent abnormalities of termination, establishing a pathological communication between a coronary artery and any segment of the systemic or pulmonary circulation (coronary-vascular fistulae, CVF) or a coronary artery and a chamber of the heart, bypassing the myocardial capillary bed (coronary-cameral fistulae, CCF) [3, 4] .
Most of CAF are congenital but their exact incidence is unknown. They rarely may be acquired of traumatic iatrogenic (usually post-surgical), traumatic accidental (most from penetrating chest injury) and spontaneously occurring CCFs (Table 1) .
CCFs have no gender predilection while most of them are congenital and discovered during childhood [5] . They can be divided into multiple micro-fistulas or small or large solitary macro fistulas, as in our case, arising from one or more coronary arteries and terminating into one of the four cardiac chambers. The acquired types of CCFs can also be single or multiple, arising from one or more coronary arteries entering into one of the four cardiac chambers [3]
The exact incidence of CCFs is unknown but according to literature CCFs are seen in 0.1% of patients undergoing coronary angiograms [6] (Table 2 ). The prevalence of these fistulas in adult patients is low and that of aneurysmal coronary fistulas is even lower because the majority of them are diagnosed and treated during childhood [7] .
The RCA represents the most frequent site of origin of CCFs (55-65%), followed by the LCA (35%), while in a small percentage both coronary arteries may be involved (5%). Low pressure structures like the right cardiac chambers are the most common sites of CCFs drainage. Major draining sites are the right ventricle (40%), right atrium (26%), pulmonary arteries (17%) and less frequently the superior vena cava or coronary sinus and least often the cardiac atria [8, 9, 10] .
RCA fistula terminating into a left heart chamber and especially the left ventricle is exceedingly rare with the incidence being reported as 1.2% of all CAF and to our knowledge only a few case reports have been published [4, 11, 12, 13, 14, 15] . ?he association of a CCF with coronary artery aneurysm, as in our case, is considered even more rare [16] .
Clinical & Imaging findings
The majority of coronary artery fistulas are asymptomatic in the early years and they may be occasionally detected later in life during angiographic procedures, after cardiac surgery, such as coronary artery bypass grafting, valve replacement, and after interventional manipulations like repeated myocardial biopsies [5, 6, 7, 8] . The clinical features depend upon the size and location of these fistulas and range from asymptomatic continuous murmur, to large left-to-right shunt and congestive heart failure, myocardial ischemia distal to the fistula due to a "myocardial steal'' or even rupture or thrombosis of the fistula. Hence, larger fistulas may result in congestive cardiac failure or angina pectoris at the extremes of life, in infants or older adults [17] .
A two-dimensional echocardiography with color Doppler interrogation usually represents the first diagnostic approach in the diagnosis of a coronary fistula, revealing an abnormal vascular communication regarding a coronary artery. Unfortunately, echocardiography is an operator dependent technique and very often imaging quality may have limitations imposed due to the poor acoustic window quality and diagnosis of CAF and especially CCF may be extremely difficult or even impossible since it may not show the entire course of the fistula.
Even though cardiac catheterization with coronary angiography remains the gold standard for the diagnosis of CAFs, is an invasive technique, but it only shows an intraluminal approach of the lesion and may hamper a complete evaluation by overlapping between a tortuous fistula and adjacent cardiovascular structures [18] .
Nowadays more sophisticated and non-invasive techniques such as MDCT and CMR may play an important role in the diagnosis of these vascular anomalies. Both techniques nicely demonstrate the origin, course, size and termination site of a CCF and its relation with the adjacent anatomical structures.
ECG-gated cardiac CT offers a significant improvement of temporal resolution and with MPR and MIP reconstructions may show the exact origin of the fistula, providing with in detail measurement of its dimensions and course but also its anatomic relation with the adjacent vascular structures and the cardiac chambers as well ( Fig.2 and 3 ).
In case of aneurysmal CAF cardiac CT is important in the evaluation of its walls, demonstrating the wall thickness and morphology, especially in case of atherosclerotic lesions or eventual mural thrombus. VRT image reconstructions create an impressive overview of the fistula and its course which may be extremely useful for surgical planning (Fig. 3) .
CMR imaging apart from evaluating the anatomy of the fistula, may further measure the blood flow within its lumen. Phase contrast velocity mapping of volume ?ow through planes transecting the fistula should also provide an accurate measurements of cardiac output, shunt ?ow, turbulent flow jet areas or even regurgitation [19] .
CCFs may cause volume overloading of the draining heart chamber and heart failure. Evaluation of cardiac anatomy may be done with double IR black blood and cine SSFP sequences by measuring cardiac dimensions including chamber volumes (left ventricle end diastolic volume, LVEDV, left ventricle end systolic volume, LVESV, ml), myocardial mass (left ventricular mass index, g/m2) and wall thickness, but also cardiac function (LV and RVEF, stroke volume). In our case, even though the patient was asymptomatic, CMR with b-SSFP cine sequences showed a mild dilatation of the LV as well as a slightly compromised left ventricular function with LVEF around 50%. These findings are related to the increased chronic volume overload of the LV caused by the fistula. Other possible CMR findings related to chronic volume overload, not depicted in our case, may be an increased thickness of LV myocardial walls.
In some cases, fistula, due to coronary artery steal phenomenon, leads to ischemia of the segment of the myocardium perfused by the coronary artery [20] . Important additional information about the myocardial wall status are given by the LGE sequences. Late gadolinium enhancement CMR sequences offer the capacity to quantify the extent of myocardial fibrosis that represents a pathophysiological end point related to most cardiomyopathies related to ischemia or chronic volume overload. The presence of LGE areas at the level of the myocardial wall, regarding only the epicardium, myocardium or endocardium or even with a transmural distribution have been related to a poorer patient's prognosis, so it is of crucial importance to identify or to exclude their existence [21] .
Even though our patient didn't present LGE areas within the myocardial wall and made a full recovery, the mild LV dilatation combined with a slight decrease of the LVEF suggest a closer clinical follow-up.
Treatment & Prognosis
There is general agreement that symptomatic patients and those with a large diameter CAF, being symptomatic or not, should be treated with closure of the fistula by either surgical or transcatheter approaches. Untreated larger fistulas may predispose to congestive heart failure and premature coronary artery disease in the affected vessel [22] . The current options include closure of the fistula by surgical ligation alone either with or without cardiopulmonary bypass or surgical ligation accompanied by coronary artery bypass surgery (by using a venous graft as in our case) in cases of large caliber fistulas or transcatheter closure of small caliber fistulas with devices, including detachable balloons, stainless steel coils, controlledrelease coils and Amplatzer PDA plug [21, 22, 23] . Transcatheter closure of these fistulas has an excellent outcome with lesser morbidity and mortality, lower cost, shorter recovery time, and avoidance of thoracotomy and cardiopulmonary bypass [22, 23] . Patients with a low caliber CCF and without established congestive heart failure or coronary artery disease may have an excellent prognosis.
Differential Diagnoses
The differential diagnosis of a CCF include a coronaryvascular fistula, a coronary artery aneurysm in case of a large caliber fistula or even a patent ductus arteriosus (PDA) in case of a small caliber vascular structure. In case of a coronaryvascular aneurysm it is important to show the origin and the termination of the fistula into a major vessel that can be achieved with an echocardiographic approach with echo color Doppler and can be further verified by cardiac CT and CMR. The case of a coronary artery aneurysm can be easily ruled out with cardiac CT by excluding a communication with a cardiac chamber or another vascular structure. In suspected cases of PDA echocardiography with echo color Doppler may identify the abnormal communication between the aortic arch and the pulmonary artery circulation while ECG-gated contrast enhanced cardiac CT may further exclude any involvement of the coronary arteries and establish the presence, patency, caliber and length or the PDA.
Cardiac computed tomography may play an important role in the diagnosis of a coronary-cameral fistula with multiplanar reconstructions and maximum intensity projection image reformats detecting its origin, course, morphology and termination but also its relation with the adjacent anatomic structures, while volume rendering technique images offer an impressive overview of the fistula that would be helpful for surgical planning. With cardiovascular magnetic resonance we can measure the blood flow volume within the coronarycameral fistula's lumen and have additional detailed information about the cardiac function and morphology of the cardiac chambers as well as the myocardial wall viability that may be of crucial importance for the prognosis of these patients. Etiology Most CCFs are congenital but they may be also acquired (post-surgical, post traumatic).
Incidence
The exact incidence is unknown but according to literature CCFs are seen in 0.1% of patients undergoing coronary angiograms.
Gender ratio
There is no gender predilection.
Age predilection
The most common CCFs are congenital and discovered during childhood.
Risk factors
Only in acquired cases, risk factors may be previous cardiac surgery / interventional manipulations and chest trauma Treatment In less complicated cases  A transcatheter approach would be appropriate. In more complicated cases (i.e. multiple communications)  Surgical repair is followed -Identifying the fistula, and closing the site of drainage with a patch or suture.
-If the fistula enters the ventricle or if the feeding vessel is large, the coronary artery is opened, and the opening to the fistula is closed with a running suture. The arteriotomy is closed. -Large aneurysms, as in our case, may require excision and coronary artery bypass with the use of a venous graft.
Prognosis
Depends on the type of CCF and the cardiac conditions. There is usually a complete recover when discovered during childhood and repaired, surgically or even with a transcatheter approach.
Findings on imaging
 An anomalous vascular structure may be initially detected on 2-D echocardiographic approach with echo color doppler use  Further imaging approach may be with cardiac CT and MRI, revealing in detail the origin, course and termination of the fistula. 
